Bu 4 NF for the silicon atom 21, 22 . Although the resulting ammonium carboxylates 23 30 seem to be attractive from the viewpoint of reactivity, this protocol involves an additional step of preparing the trialkylsilyl esters from the carboxylic acids. These authors also demonstrated the esterification of carboxylic acids and alkyl halides using Bu 4 NF generated in situ from KF 2H 2 O and a catalytic amount of Bu 4 NHSO 4 under solid-liquid phase-transfer conditions 31 . The reaction yields are high and the procedure is simple, but a long reaction time 3-24 h and an excess amount of KF 2H 2 O are required.
To the best of our knowledge, the esterification of carboxylic acids and alkyl halides using a stoichiometric amount of Bu 4 NF as a base has not been reported. Herein, we demonstrate that a stoichiometric amount of Bu 4 NF serves as a useful base in the deprotonation of the carboxylic acids, and the ammonium carboxylates thus generated can react with alkyl halides to afford the corresponding esters in good yields Scheme 1 . This procedure shortens the reaction time required, and simplifies and facilitates the synthesis of various esters. Flash chromatography was carried out on a column of silica gel Kanto Chem. Co., Silica Gel N, spherical, neutral, 40-100 μm . Preparative gel permeation chromatography GPC was performed on a Japan Analytical Industry LC-9201 instrument equipped with JAIGEL-1H and JAIGEL-2H, using CHCl 3 as an eluent. All reactions were carried out under a nitrogen atmosphere unless otherwise noted.
EXPERIMENTAL PROCEDURES

Materials
Unless otherwise noted, all materials, including dry THF, dry DMF, carboxylic acids, alkyl halides, and Bu 4 NF 1.0 M in THF , were obtained from commercial suppliers and used without further purification.
Reaction of carboxylic acid and alkyl halide
Typical procedure for the reaction of benzoic acid 1 and n-butyl iodide n-BuI using Bu 4 NF 1.0 M in THF solution. n-Butyl benzoate 2 condition A : Bu 4 NF 1.0 M in THF, 1.2 mL, 1.2 mmol was added at room temperature to a solution of benzoic acid 1, 121.9 mg, 1.0 mmol in DMF 1.0 mL , and the mixture was stirred for 20 min. Then, the solution was allowed to react with n-butyl iodide n-BuI 281.6 mg, 1.5 mmol for 60 min at the same temperature. Subsequently, water 5.0 mL was added to the resulting solution, and the aqueous phase was extracted with Et 2 O 15 mL 3 . The combined organic extracts were washed with saturated aqueous NaCl solution 20 mL and dried over Na 2 SO 4 . After removal of the solvent, the resulting crude product was purified by flash chromatography hexane/EtOAc 20:1 to obtain n-butyl benzoate 2 99.7 mg, 0.56 mmol, 56
. The product was identified through the comparison of its spectral data with that of reported literature 32 . Other compounds such as methyl benzoate 3 32 , n-octyl benzoate 4 32 , isopropyl benzoate 5 34 , n-butyl 3-phenylpropanoate 7 35 , and isopropyl 3-phenylpropanoate 8 36 , were identified through the comparison of its spectral data with those of reported literatures.
Spectroscopic data
RESULTS AND DISCUSSION
In preliminary studies, we examined the reaction of benzoic acid 1 with 1.5 equivalents of n-butyl iodide n-BuI in DMF using 1.2 equivalents of Bu 4 NF 1.0 M in THF Table 1 , condition A . The usual workup procedure and flash column chromatography afforded the corresponding ester n-butyl benzoate 2 in 56 yield as shown in Table 1 only the isolated yields of esters are listed; the conversions were not determined . In contrast, in the absence of Bu 4 NF, no product was obtained from the reaction of 1 and n-BuI, indicating that Bu 4 NF is essential for the esterification of carboxylic acids with alkyl halides. Therefore, it is concluded that Bu 4 NF itself plays two important roles in this esterification: first, the F anion derived from Bu 4 NF serves as an effective base for the deprotonation of the carboxylic acid; and second, the resulting Bu 4 N carboxylates are partially soluble in organic media; therefore, the reaction of the carboxylates with alkyl halides via the S N 2 mechanism would be accelerated 21, 23, 31 .
Other alkyl halides such as n-butyl bromide n-BuBr , methyl iodide MeI , n-octyl iodide n-OctI , and isopropyl iodide i-PrI were also used for the esterification of benzoic acid to afford the corresponding products 2, 3, 4, and 5 in 42 , 44 , 68 , and 32 yields, respectively. The esterification reactions of other carboxylic acids were also examined under condition A. As shown in Table  1 , 3-phenylpropanoic acid 6 was treated with n-BuI and i-PrI to form 7 and 8, respectively. In addition, nonanoic acid 9 , cinnamic acid 11 , E -3-4-methoxyphenyl acrylic acid 14 , E -3-3-methoxyphenyl acrylic acid 16 , and 1-naphthoic acid 18 afforded the corresponding esters 10, 12, 15, 17, and 19, respectively, in moderate yields; however, the reaction of 11 with 2-chlorobutane did not proceed at all, presumably because of the low reactivity of 2-chlorobutane. It is noteworthy that the reaction of 2-4-methylbenzoyl benzoic acid 20 afforded the corresponding ester 21 in 55 yield, and that the fluoride ion did not attack the carbonyl group.
We suspected that the first step of this esterification, that is, the deprotonation of the acid, would be rate-controlling, because the longer reaction time of 1 afforeded a higher yield of 2 74 yield, Table 1 , condition A . Therefore, we modified the reaction conditions in order to accelerate the reactions, and used two equivalents of Bu 4 NF 1.0 M in THF and three equivalents of the alkyl halide Table 1 , condition B . The reaction of 1 and n-BuI for 60 min afforded the product in 95 yield quantitative yield from 1 H NMR of crude product . For the reaction of the carboxylate ions with alkyl halides, we also examined the effect of reaction time. The reactions for 5 and 10 min with n-BuI afforded the products in 76 and 94 yields 1 H NMR yields of crude products , respectively, indicating that the reaction proceeded more rapidly than under condition A. Furthermore, as seen in Table 1 , the reactions proceeded smoothly and afforded the corresponding products in good yields in all other cases. In view of the successful results obtained here, esterification reactions using THF as the solvent instead of DMF under condition B were also examined Table 1 , condition C . This protocol was also found to be effective for the synthesis of esters from carboxylic acids and alkyl halides. However, in some cases, the reaction yields decreased. For example, the reaction of 18 and i-PrI afforded the product in 22 yield, together with the recovery of 18 in approximately 75 yield. These results might be caused by the low solubility of the carboxylic acids of starting materials in THF.
Finally, this method was successfully applied to the diesterification reaction Scheme 2 . Bu 4 NF 1.0 M in THF, 4.0 mL, 4.0 mmol was added to a solution of E -hex-3-enedioic acid 22 1.0 mmol in DMF 1.0 mL or THF 1.0 mL . Then, the resulting solution was allowed to react with 2-bromoethyl benzene 6.0 mmol for 60 min, and the corresponding product 23 was obtained in 45 yield in DMF and 36 yield in THF 37 .
CONCLUSION
In summary, the reaction of carboxylic acids with the Table 1 Reaction of carboxylic acids and alkyl halides using Bu 4 NF as the base.
Simple and convenient synthesis of esters Bu 4 NF/THF reagent proceeded smoothly to generate ammonium carboxylates, which reacted with alkyl halides to afford the corresponding esters in moderate to good yields. In some cases, on the basis of the product yields, DMF seemed to be a better solvent than THF; this might be because of the difference in the solubility of the carboxylic acids in DMF and THF. Diesterification was also demonstrated by using this procedure. The success of this method seems to be due to the high reactivity of carboxylate ions, which might be increased by the bulky tetrabutylammonium countercation 21, 23, 31 . This method allows the straightforward synthesis of various esters. Further studies on other types of reactions using Bu 4 NF as a base are in progress in our laboratories.
